The influence of supragingival plaque control on the subgingival microflora and clinical parameters of ligature-induced periodontitis in the Cynomolgus monkey was investigated. No clinical changes were observed during the six-week experimental period. The total cultivable flora and the proportions of total black-pigmented Bacteroides (BPB) and asaccharolytic black-pigmented Bacteroides decreased significantly in the cleaned test sites as compared to those in the non-cleaned controls. The study suggests that six wk of supragingival plaque control in the presence of periodontal disease may alter the periodontitis-associated microflora in the monkey, but not sufficiently to alter clinical signs of disease in this time period. J Dent Res 61 (7):936-941, July 1982
Introduction.
There is ample evidence that supragingival and subgingival bacterial deposits play a major role in the etiology of periodontal disease.1-4 Based on this knowledge, periodontal therapy is directed toward removal of subgingival plaque and calculus and the control of supragingival plaque. These goals are achieved by means of scaling and root planing, instruction in oral hygiene procedures, periodontal surgery, and periodic maintenance. Clinical trials have demonstrated the effectiveness of this combined approach to the treatment of periodontal disease,5,6 and it is clear that a certain level of oral hygiene is indispensable for successful periodontal therapy.7,8 However, limited information is available concerning the relative effectiveness of individual components of this treatment regimen. [9] [10] [11] Supragingival plaque control, after an initial course of root planing and scaling, has been shown to be effective in controlling established periodontitis in beagle dogs.1l This suggests either that supragingival plaque directly causes the disease, as proposed by Waerhaug, 12 or that the supragingival plaque influences the subgingival plaque. Physiochemical factorssuch as pH and available oxygen,13 nutrients,14 and the ability of certain microorganisms to adhere to a specific surface15,16 -all influence the ecology of a particular site. Variations in one or more of these parameters may result in a favorable environment which selects for a specific organism or a group of specific organisms. Under favorable conditions, potential pathogens may proliferate, and, subsequently, periodontal disease may develop. Therefore, the ability of supragingival plaque to influence the disease process would most probably result from a change in the environment affecting the subgingival flora. Based on this concept, the specific objectives of this study were: (1) to determine the effect of supragingival plaque control alone on the composition of the subgingival microflora in a site with established disease, and (2) to determine the effect of supragingival plaque control alone on the clinical characteristics of established disease. (3) (4) kg) with an intact dentition and completely formed and erupted third molars were used. At their first examination, they presented with generalized gingivitis and minimal evidence of periodontitis. To induce periodontal disease, orthodontic elastics* were placed around the four first or second bicuspids of each animal. They were left in place for 6-8 wk, until a minimal pocket depth of 3-5 mm was obtained. After their removal, the supra-and subgingival microbial floras were allowed to stabilize for 4-9 wk. Microbiological samples were then taken in order to confirm the presence of a flora characteristic for disease. Previous studies17 observed increases in surface-translocating bacteria and black-pigmented Bacteroides (BPB) associated with clinical development of periodontitis in this model. If baseline samples were not consistent with the previous findings, silk ligatures were tied at the cemento-enamel junction (CEJ), and the microflora was monitored until it was consistent with results reported by Komman et al. 17 2. Experimental period. At time zero, the start of the experiment, each animal presented with four diseased sites, namely, two test and two control sites. Microbiological and clinical baseline dataincluding Plaque Index,l8 Gingival Index,19 probing depth measured from the gingival margin, standardized posterior radiographs using individual bite blocks, and clinical photographswere obtained. Supragingival plaque control was then introduced, three times a wk for six wk. The quadrants containing the test sites were cleaned with a rubber cup and pumice, and inter-dental supragingival plaque control was achieved by means of dental floss. Special attention was given to keep all instruments supragingival, in order not to remove any of the subgingival plaque. The opposite control sites received no treatment at all. Further, clinical and microbiological data were obtained at wk two and six, and supragingival plaque control was subsequently stopped in all animals.
In the first and second animals, oral hygiene procedures were re-initiated after four and five wk, respectively, but on the former control sites, whereas the former test sites now served as controls. Again, clinical readings, subgingival microbiological samples, photographs, and radiographs were taken at weeks zero, two, and six. With this crossover design, a total of 12 control and 12 test sites was obtained.
In order to perform all the above procedures, the animals were anesthetized with Ketamine/Atropine anesthesia, which provided a satisfactory working time of about 30 to 40 minutes. Laboratory procedures.
1. Microbiological methods. -Subgingival plaque was collected by means of three sterile fine paper points,t which were inserted to the base of the sulcus for ten s. To minimize contamination of the sample by supragingival *Unitek Alastik AI, 406-011 tJohnson & Johnson, fine sterile absorbent points plaque, a piece of sterile foil was placed against the tooth to be sampled, covering the plaque coronal to the gingival margin. After removal, the apical portions of the paper points were cut off and placed in a glass vial containing 1 ml of reduced transport fluid without EDTA (ethylenediamine-tetraacetate).20 The samples were vortexed for 60 st and then immediately taken into the anaerobic glove box.21 At this time, a smear was made for determination of spirochetes, and then another 3 ml of RTF were added to the initial volume of 1 ml. The samples were then dispersed for five s by means of a Kontes Sonifier, § 22 diluted, and plated on nonselective, reduced Enriched Trypticase Soy Agar (ETSA)23 with an automatic diluting and plating device.ll Plates were inoculated in the anaerobic chamber at 370C for five d, and appropriately diluted plates were selected for quantitation and subculturing.
2. Subculturing and biochemical tests. -Two sectors were marked on the surface of each plate with a stainless steel template.24 For each sample, one sector, including from 20 to 50 colonies, was quantitated. After representative colonies were characterized according to color, shape, and circumference, their frequency was determined. One colony of each morphology type was picked and subcultured in separate tubes containing Basal Anaerobic Broth (BAB) with 1% glucose.22 After growth in BAB, each subculture was streaked on an ETSA plate and checked for purity by means of the dissecting microscope. Pure isolates were then picked into BAB and Basal Esculin Nitrate Broth (BEN).20
For each BAB culture from purity plates, aerobic blood plates were streaked and incubated in an atmosphere of 10% CO2, and a Gram stain was made. A portion of the remaining culture was poured into vials, frozen in liquid nitrogen, and stored for Gas Liquid Chromatography (GLC) or further biochemical tests. The last portion was used to determine the pH by means of a pH-Electrode.
For the BEN cultures, the following biochemical tests were completed: esculin hydrolysis, nitrate and nitrite reduction, indole production, and the presence of catalase activity. Identification schemes were derived from the Virginia Polytechnic Institute Anaerobe Laboratory Manual, 25 Loesche.24 Organisms not classifiable by these schemes were grouped according to their gram stain reaction, gram stain morphology, and air tolerance. Bacteroides species were grouped as black-pigmented Bacteroides consisting of asaccharolytic and saccharolytic strains. Surface-translocating bacteria and motile gram-negative rodssuch as Capnocytophaga species, Campylobacter sputorum, and Vibrio species were combined in the major group named Surface-translocating Bacteria (STB). The results were calculated in percent of the total cultivable flora, absolute numbers of colony-forming units (CFU) per sample, and the changes in the percentage of the total cultivable flora. Mean, standard error, and Student's t test for correlated data were performed in order to detect significant changes between experimental and control groups.
Results.
Clinical observations. -The mean pocket depth at baseline was comparable in test (4.6 ± 1.0 mm, range 3-6 mm) and control (4.2 ± 0.8 mm, range 3-5 mm) sites. In iVari whire mixer, VWR Scientific §Kontes Model K881440 IlSpiral Systems, Cincinnati, OH both groups, 80% of the sites had a pocket depth of 4 mm or more. During the six-week experimental period, no changes were observed in these measurements.
The mean Gingival Index of test and control sites at baseline was 2.0, and all the sites showed bleeding on gentle probing. This condition did not change in any of the sites during the six-week experimental period. The only major clinical change observed was a decrease in the Plaque Index of the test sites as the result of supragingival cleaning. The mean Plaque Index of 1.5 + 1.0 at baseline (range 0.0-3.0) decreased during the experimental period to 0.5 + 0.5 (range 0.0-1.0), with 50% of the sites being plaque-free. In the non-cleaned control sites, the mean Plaque Index increased slightly from 1.0 + 0.8 (range 0.0-3.0) to 1.8 + 0.8 (range 0.0-3.0), due to an increased number of sites showing a Plaque Index of 2 or 3. At week six, only two control sites showed a Plaque Index of 0 or 1.
Microbiological observations. -No organisms could be recovered from one site at six wk. Therefore, this particular site was excluded, and the results are presented for 11 test and 11 control sites. (Tables 1 and 2 ). Some strains of Gram-negative cocci showed biochemical characteristics compatible with Neisseria species.
Gram-negative rods accounted for the majority of the TCFnamely, 58% in the cleaned sites and 49% in the non-cleaned control sites at baseline. Black-pigmented Bacteroides (BPB) predominated, with 19% of the TCF in test sites and 13% in control sites (Tables 1 and 2 ). Speciation of some of the BPB was not possible due to the loss of some isolates on subculture.
2. Changes in the flora during the six-week experimental period. -Since this project was designed to determine the impact of treatment on the subgingival flora, the data were further analyzed in terms of changes in the subgingival flora during six wk of supragingival plaque control (Table 3 , Graph I). The change in percentage of the TCF was calculated for the various microbiological groups, and, using the pairwise t test for correlated data, the difference between cleaned and non-cleaned sites was evaluated. Cleaned sites were characterized by a significant decrease in colonyforming units, and therefore differed significantly (p < 0.05) from non-cleaned sites, which showed no change in TCF (Tables 1 and 2 ). Gram-positive cocci and rods showed a decrease in the percentage of the TCF during the six-week experimental period in cleaned as well as in non-cleaned sites, whereas Gram-negative cocci and rods increased. In the cleaned test sites, the two-week data differed from the six-week data in that the Gram-negative rods showed a slight decrease of 2-3% (Table 3 ). For Gram-positive cocci and rods and Gram-negative cocci and rods, no statistically significant difference was observed between cleaned and non-cleaned sites. Black-pigmented Bacteroides decreased markedly in the cleaned sites at weeks two and six, and for this organism a statistically significant difference between cleaned and non-cleaned sites was observed at week two ( Table 3 , Graph I). For further analysis of these data, the changes in asaccharolytic and saccharolytic BPB were determined (Graph 2) for seven sites. Four sites were not included in this analysis because not all BPB isolates were available after subculturing. BPB decreased significantly in cleaned sites as compared to non-cleaned controls (Graph 2). This major decrease was due to a decrease in asaccharolytic organisms, whereas saccharolytic BPB's increased in test and control sites.
Fusobacteria species increased in cleaned sites at week two and at week six, whereas in non-cleaned sites a decrease (Tables 1 and 2 ) -the baseline data in this report were similar to the flora characteristic for disease as described by Kornman et Therefore, the subgingival flora of different sites and different animals is expected to show variability. For this reason, the data were evaluated on a site-by-site basis in terms of differences from baseline findings.
The decrease in the total cultivable flora in the test sites may be due to the inclusion of some supragingival plaque in the subgingival samples at baseline. Specific precautions were taken to avoid this contamination. Before insertion of the paper point into the sulcus, a piece of sterile foil was placed at the gingival margin as described earlier ("Materials and methods"). Only the apical portion of the paper point was used for further processing of the sample. Our results in the non-cleaned sites also showed a major decrease in Grampositive rods, whereas cultural studies32 in humans have shown that three-week-old supragingival plaque consists predominantly of Gram-positive rods. Furthermore, initial
Vol. 61 No. 7 939 WEEK 6 samples in the present study were repeated in two cases after one wk of supragingival plaque removal, and the levels of BPB were compared. Instead of a decrease in BPB, expected if the experimental results were due to contamination by supragingival plaque, no change was observed. The conclusion is that the samples in non-cleaned control sites and at baseline were not significantly contaminated with supragingival plaque. A less-favorable environment for subgingival microorganisms may be responsible for this decrease of CFU in the test sites. The presence of supragingival plaque may support the subgingival flora. Gram-positive organisms present in supragingival plaque at the gingival margin have been shown to serve as attachment sites for Bacteroides gingivalis and other Gram-negative organisms.16 In addition, supragingival plaque provides important nutritional factors for subgingival microorganisms.14 Supragingival plaque removal may reduce the availability of attachment sites and important nutrients, and the colonization of the subgingival area may be more difficult.
The increase of STB and motile rods at six wk was consistent in cleaned test sites from sample to sample, and these sites were significantly (p<0.05) different from noncleaned controls at week six. This fits nicely with the data on the development of disease in the monkey model,17
where, in Stage 2, with increased inflammation, an increase in STB and motile rods was observed prior to an increase of BPB. In the present data, the major decrease of BPB, in combination with the increase of STB, may represent a reversal of the pattern seen in disease development. But an experimental period of only six wk does not allow us to draw any final conclusions in this direction.
Two previous studies have evaluated the influence of supragingival plaque control on pre-existing periodontitis. In a three-year longitudinal study on beagle dogs presenting moderate periodontitis, Morrison et al. 11 showed that, after initial scaling and root planing, attachment levels could be maintained by means of supragingival plaque removal three times a week, whereas repeated root planing and scaling every six mo without regular supragingival plaque control retarded the loss of clinical attachment but did not prevent it. With subgingival root planing and scaling, the subgingival flora is drastically changed, as shown in other studies. 31, 33 Coccal forms predominate, and a more aerobic environment is probably also created.
The fact that supragingival plaque accumulation influenced the establishment of a specific subgingival microbial flora could be observed in the present study in crossover data from four sites. Once supragingival plaque was allowed to accumulate again in the test sites, the same subgingival flora was found as at baseline after a resting period of 4-9 wk. The significant decrease in colony-forming units in the test sites produced the following changes in actual numbers of the various groups of microorganisms: a six-fold decrease in Gram-positive cocci, a 21-fold decrease in Gram-positive rods, and a 3.8-fold decrease in Gram-negative rods, whereas the absolute numbers of Gram-negative cocci remained the same. A decrease in the absolute number of various organisms present may be as important as the occurring shifts in the composition of the subgingival flora. The non-responsiveness of the local site to this decrease in numbers may be due to the lowered resistance of an already-diseased site. Therefore, a smaller stimulus (i.e., fewer bacteria) may be able to maintain the pathologic process. Supragingival plaque control is the appropriate means for prevention of gingivitis and periodontitis, in most instances. But for the treatment of already-periodontally-compromised patients, a more rigid approach appears to be needed, and the importance of removal of subgingival deposits in combination with supragingival plaque control has been shown. 9, 11, 31 From the results of the present investigation, we are not able to determine whether the disease in the test and control sites was still active, or whether supragingival plaque control prevented further loss of attachment. In future studies, a longer experimental period should be considered in combination with histology, to yield more conclusive information.
Summary and conclusions.
In four adult female Cynomolgus monkeys, periodontitis was induced in 11 sites by means of elastic ligatures. After establishment of a subgingival microbial flora characteristic for periodontal disease, supragingival plaque control was initiated in the test sites. The supragingival plaque was removed three times a wk by means of a rubber cup and pumice, and the effect of that plaque on the composition of the subgingival flora was evaluated. Subgingival microbiological samples were taken at weeks zero, two, and six of the experiment, and were cultured anaerobically. The composition of the total cultivable flora was characterized. Six wk of supragingival plaque control in the presence of periodontal disease caused the following in cleaned sites (as compared to non-cleaned controls):
(1) a significant (p<0.05) decrease in the total cultivable flora;
(2) a significant (p<0.05) decrease in the proportions of total black-pigmented Bacteroides and asaccharolytic blackpigmented Bacteroides; and (3) no change in Gingival Index and pocket depth, despite a reduction in the Plaque Index.
The present study suggests that supragingival plaque control in the presence of periodontal disease may alter the periodontitis-associated subgingival microflora but not sufficiently to alter clinical signs of disease in the time period evaluated.
